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This map shows the immense sa

the building of the Nicaragua Cana
be practically next door neighbors
enormous line of South America.

tire basin this estimated rainfall Is toogreat. Suppose it to be taken at 84 inches,or 7 feet. There results:
i, , Inches.Rainfall direct on the lake 84Run-off. 33 per cent, about 84

Total inflow 168Deduct for evaporation and use 63

103
-This represents what must he taken care

of by storage and discharge.
Increase Not Uniform.

This rainfall will not be extended uniformlyover a year, but most of It will fall
within the wet season of seven montus.
A mean discharge of about 40,000 cubic'
feet per second would discharge it all atthis time. Or. if four feet be stored in the:lake, a mean discharge of 22,000 cubic feet'per second would take care of it.Inasmuch as it is impossible to know inadvance whether the rainfall of a season isto be heavy or light, it will not be safe tobegin discharging at the full capacity ofthe outlet until enough water has beenstored for possible deficiencies.Consequently, Instead of having sevenmonths' time in which to discharge the surplus,a large part of it might have to bedischarged in a less time, and a spillwayof greater capacity would be needed. Witha spillway capacity of 50.000 cubic feetper second the entire surplus could behandled in about ninety-two days.
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THE RAINFALL.
E. S. Wheeler's Computations as to

Dams and Wasteways »

Needed. 1

Mr. Wheeler's Report.The report of E. S. Wheeler says:"Between June 18 and October 29, 1898,' 1a period of 132 days, the rainfall at Rivas
was 76.36 Inches; the lake rose 48.00 Inches, Jthe outflow lowered It 12.76 Inches, and theevaporation of the lake surface lowered It16.38 inches.
"Between May 17 and October 27, 1897,a period of 164 days, the rainfall at Rivas itwas 112.42 Inches. This was the period !jof greatest rainfall shown in the Rivas rec-j,ords since 1879.
"At the beginning of these nerlod* tho t

Bire&ms and marshes were drained and ifempty; at the end they were overflowingj1and the entire run-off due to the rainfall rhad not yet occurred- If"An examination shows that the dally rateof rainfalls in 1897 was 18 per cent greater athan In 1898. Using the ratio as before 1;the rise In the lake would be 22 per cent, cgreater. Applying this per cent the com- pputed rise in the lake for 1897 would be oIncreased from 143.7 inches to 148.56 Inches.,"This. then. Is the estimated amount of sfluctuation that would have occurred during t]the period of greatest rainfall of the last xtwenty years If there had been no evap-,oration on the lake or outflow from It. 0

Question of Fluctuation.t!
"The question as to what amount of fluc-jtuatlon In the lake will be necessary to

take care of this rainfall will be considered, p:The estimated rise of 148.58 inches must be d!
provided for by evaporation, outflow and wtemporary storage In the lake. js"Assuming the ratio of evaporation from j.the lake surface to be the same as in 1898, AIt would for the 164 days amount to 20.97inches. Su-bstraoting this from 148.58 inchesleaves 127.61 that must be provided for byoutflow and temporary storage.

x'ne lake has an area of 3,000 square I"miles; a rise In Its surface of 127 61 Inches15®would be equivalent to 889,408,018,000 cubic ®
feet. If this should run out of the lake in j11164 days the mean discharge would be!r?62,769 cubic feet per second, and there;S®would be no change In the elevation of thelake surface.
yIf the lake should be permitted to rise one

foot then the mean discharge would be
reduced to 56.866. and each additional foot
that the lake Is allowed to rise will reduce
the mean rate of discharge by an equal Cuamount. The following table shows the hrequired rate of discharge for each foot of
fluctuation: ca

Cubic ft. of

No fluctuation requires 62,800 \n
One foo requires 56,900 J-KTwo feet requires 51,000m'«
Three feet requires 45,100esi
Four feet requires 39,200'

Five feet requires 33,300pa
Use for a "Wasteway.

"If a wasteway having a capacity of 33,- ml
000 cubic^feet per second be provided the jKlfluctuation in the lake could be limited to "j
dve feet for raiufall. as great as any that In
has occurred In the last twentv vears is
"Since the canal itself will incidentally {)n<provide wasteways exceeding this in capaclty,it appears that not more than five *

feet of rise will be caused by the largest be
rainfall. Therefore no addition need be r'a
made to the six feet already provided fordry periods." tnTfThe Commission has therefore concluded *]that in any plan of a canal by the Nicaru- c}}'
gua route a spillway of 50,000 cubic feet
per second capacity should be provided, sjJ.and that the lake may vary in its levelfrom elevation 104, the minimum, to 110, !vuthe maximum. I!
The endeavor would be to approach the 1>le'

dry season with the level of the lake afabout 108, and during that dry season todraw it down to 106. if it did not go ro that ^
level from natural causes. necAt the beginning of the wet season th"lake would be allowed to rise, but when it;,.Reached 108 the spillway would be opened.; ar
gradually nt first, and at its full capacity natif necessary. AIn this way there would be a marg n ot gistfour feet for the lake to fall in dry seasons! hig
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nal Will Save.
ving in distance that will be made by-1. New York and San Francisco will

, instead of being separated by the

and the same amount for it to rise duringwet seasons. This Is believed to he ample.
A Uniform Decline.

From this period it would then have declinedquite uniformly from loss by evaporationuntil the end of the dry season, May15, when it would have stood at an elevationof 104.07 above datum, after which itbore a nearly constant relation tn the ne.

cumulated rainfall and would have reachedits highest level of 113.69 on January 20.11899, a gain of 9.8 feet in about eightmonths, had all the water been held.If, on the contrary, It had been desired toprevent any further rise at any particularstage, even the lowest. It might have beendone by a spillway having a capacity of dischargeat the rate of 45.940 cubic feet persecond. With this spillway capacity forthis year the lake eould have been held atany desired stage, or by a reduction of thedischarge it could have been allowed tofluctuate within any reasonable limits.A spillway of 50,000 cubic feet capacitydivided between the eastern and westernoutlets will afford ample facllitins for theregulation aud control of the lake and Its!drainage.
Fluctuation Computed.

By taking the difference between lake
fluctuations and the 45,940 second feet atjany date, as for example on July 14, andi
plotting this difference, the result will rep-1resent the fluctuation of the lake under thephysical conditions as they existed betweenJuly 14 and the end of *»>£>
Had the sluices remained closed betweenJanuary 1 and July 14 the lake wouldhave risen to 107, and If then thrown fullyopen the lake would have risen only oneinch higher during the entire season.Had they been entirely closed again onOctober 28 the lake would have gained twofeet more In storage preparatory to thenext, dry season, which it would have tnteredat lOS.fiS. By closing earlier morewater could have been stored.This matter could readily be regulated bythe judgment of the manager, who wouldloubtless have closed the valves throughoutthe dry season and thus have storedhe entire outflow during that time.

Location of Spillways.An important matter in connec.lon with '

he regulation of the lake level Is the loca- '
ion of the regulating works or spillway. 1

t Is seen that the lake may at times haveI1
o discharge as much as 50,000 cubic feet ^>er second. An ideal arrangement would!>e to have the spillway entirely Inde- tlendent and separated from the canal;uoper or canalized river.A careful search lias been made for such ^location on the west side between fhe!ako and ihe Pnpifi^ v>.i» '

uui. jiv nmwiuie piaceould be found that did not involve an ex-ease almost as great as the construe ! nf the western division of the canal Bse'f. 1It has therefore been suggested that ttrs aurplus water might be discharged throughhe canal itself as far as Bueno Retlro, audihere turned into the valley of the Uio aIrnnde. which It will be forced to follow 11n its way to the sea. This plan is objeo- i1(onable for several reasons. I V
A Widening Necessary. f<It will necessitate a widening of the canal proper from the lake to Bueno Iletiro, aistance of about nine miles, the most o£iwhieh wil be excavation In rock. This part

uthe divide cut of the western division, j ^ven if this cut. be made reasonably wide, ate current through It will be swift. |cOf course, the greater the width the less j t(ie current, but it may be questioned f,hether a current of Ave feet a second in -pcanal 200 feet wide would be entirely 0,tlsfaetory to navigation. MoreoTer. 200 pet width will only discharge about 35,000 .iibic feet per second with a five-foot cur- K
nt, and there may be times when the disiargeought to run as high as 50,000 cubicet per second. To carry this amount ofnfpr wl + h oP... u.c-ivoi current would re- Mlire a width of about 300 feet.

V(Difficulty of Control. 01
A further objection would be the dlffliltyof properly controlling these dis- ^arged waters after they had left the nfnal. The discharge of 35.000 to 50,0001bic feet of water per second into theHey of the Itio Grande means the crea-!in of a torrential river ten times the!^,ignitude of the existing river in Its high-|°tfloods. I mlflhe soil of this valley is for the most >wlrt light, sandy and easily put in motionswift-running water. The distance from ''eileno Retiro to the Pacific is about eight 2,1les, and the river in that distance would J."ve a fall of about eighty feet from the f(Jt of the spillway. ofiforeover, the canal itself will be located ialthis valley, and at the gorge the widthreduced to 2,000 feet. A stream like the rrithus created might endanger the canal cn?lf.
'he difficulties of controlling it wouldgreat, and a large amount of .so -.* -

.. I«c male-I JI would be scoured and carried to the nr,an, perhaps to tne great detriment of y
entrance to the canal. i vist is possible that from 10,000 to 15,000 tei)ic feet of water per second might be' q0charged through the canal on the west fe and into tne Rio Grande River, if ^lened and straightened without damage, mathe discharge of two or three times t»ut amount Is believed to be lmpractlca- saiexcept at unwarranted expense.

A Natural Avenue. 4,oc
or does there appear to be any absolute tessity for discharging till the surplus tag
ter of the lake on the west side. The
i Juan River is to-day, and has been, its pural and only avenue of discharge. In Iccording to the estimates of the geolo- strand the liydr >grnplier. its discharge in vath stages has at times been as much as the
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50,000 cubic feet per second. The evidence
appears to be conclusive that even this
great discharge does not erose its banks to
such a degree as to carry much sediment.
'Hie Agua Muerta below the Machuea

rapids Indicates that no great amount of
sediment is carried in the upper San Juan,
and this, notwithstanding the fact that the
currents have been greater than tlieywould be under the new condition of ar]fairs created by the canalization of the
river.
The fact that the small tributaries that

drain into the San Juan may at times disjcharge as much aa 50,000 cubic feet per
second between the lake and the San Carlos
River is objectionable, but such discharges
come at rare intervals and last but a short
time.
Even if the regulating works could not

take care of it the only effect would be to
raise the water 'in the river and stop t^edischarge from the lake for a short period,
or possibly turn the current toward the

No Danger of Erosion.
If, then, the San Juan River, discharging

sometimes as much as 50,000 cu'bic feet per
second, in addition to that of its own drainagebasin, as it exists to-day, with a fall
from the lake to the foot of Maehuca
rapids of 4S feet, does not seriously erose
its banks, it does not seem reasonable to
expect more erosion when that fall is re-1
duced and the discharge area of the river
Increased. 1

The Commission has therefore concluded
that the discharge from the lake through
the canal and down the Rio Grande IUv.-r
on the west Side should not exceed 15,000
cubic feet per second, and that the re-
malnder should be discharged through the;
San Juan River.
The principal regulating works are there

fore designed to be located at the site of
the dam near Boca San Carlos, capable of
a maximum discharge of 85,000 cubic feet
per second, while the works on the west !

side should have a capacity of 20,000 cubic j
feet. <

CANAL ROUTE IN i
NARROW LIMITS. <

c

.n. i

Very Little Latitude Possible in s

Laying Down the{
Route.

s
f

The reg'on within which a canal can be 1
constructed is comprised within compara- '

lvely narrow limits. By the term "Nica
aguaroute" is understood a canal route

vhlch uses Lake Nicaragua as a part of its v

lystem. For convenience this may be di- u
dded into three divisions. h
1. The division between the Pacific and b

;he Lake, called the Western division. b
2. The Lake itself. II
3. The division between the Lake and the
Caribbean Sea, called the Eastern division, b

The Western Division. b
Colonel Childs, an eminent civil engineer,

.. 1 or.n 1 1 , m t]
u ioju-ui 9ui ttrjicu uuu luciueu a route xor S(
canal over this Western division. d
His route, starting from the Pacific Ocean
nd going eastward from Brlto, at the
loutli of the Rio Grande, followed the vnl- ^
;y of this river to a point about eleven
liles from the Lake, thence across the n,hide to the valley of the Lajas, which it
allowed to the Lake.
There was no harbor at Brlto, and he proosedto form one by the construction of
atties and by excavating the alluvium, of c(
'hlch the coastal plain Is composed. ol
In 1873 a survey was made by Com- j]lander Lull, of the United States Navy. ^te proposed to construct a harbor at Brlto,
nd follow the route suggested by Colonel tlhilds up the valley of the Itio Grande, but Si
) cross the Divide further to the north and
illow the valley of the Medio to the Lake, ^liIlls line was somewhat shorter than the
ther, but Involved heavier cutting In the j,
lvlde. A full description of this route Is tt
iven In Lull's report.

Mr. Menocal's Idea.
Mr. Menocal, the chief engineer of the
aritlme Canal Company, after further sur- jjj
\vs, proposed to abandon the Medio route )n
i account of the heavy cutting in the th
1'IH. o ,, ,-1 nilnnlsd ion 11,' . V> .1)1
iggested by Colonel Chllds. tils first pro- ^ct was for a canal in excavation along the
>rth side of the valley of the Rio Grande.
Subsequently he suggested a modification P.
this project, which was adopted by the

aritime Canal Company, of building a dam
l.a Flor and creating an artificial basin

25 square miles in area reaching from **

ar the westerly side of the divide to
itbin four miles of the l'uciflc Ocean.
A.t the proposed site of the dam the vaiS'of the ltio Grande narrows to about
)00 feet, and the surface indications of
e adjacent hills seemed to promise good 1undations for a dam. The construction
this dam would practically extend the Ml

ke level westward to within four miles ex
the Pacific Ocean. From the basin thus "d
eated the Pacific Ocean was reached by a rnal with three locks. *r

Idea of Board of J 895. I
rhe Board of 1895 suggested still another
oject for a canal across this Western di- of
>nWi, wmva um iiui u'litrr iu lUC'UllUD ma- 1 u

lally from that at tirst proposed by ^lonel Childs, but followed the left bank Oathe Rio Grande instead of the right. Co:^hese several routes are shown on tie the
p accompanying this report, and a fur- si(t
tr description of them seems unneces- i
y, as full descriptions are to be found bethe various reports and Congressional of
tuments published by the United States Saxvernment from time to time. the'he relative advantages and disadvan;esof these several routes will now be
isidered, but solely on a physical basis phour reference to relative cost..
he Menocal project of creating a basin slnl
:he valley of the Rio Grande by the con-| acr
action of a dam at La Flor has the ad-juntitage of bringing the lake level close tojvidiPacific Ocean. 1 t
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Scene on Lake Nicaragua.
landing, on the shore of Lake Nicaragx
looms Ometepe Mountain, which rise:

in an island in the western part of thi

That the Panai
Tie Commissic
is to the Best C

The deep part of such a basin could bi'more rapidlv and conveniently navlgatettlvan a canal in excavation. Moreover, tinflood discharges of the Tola and ltio Grandi
could be admitted into the basin withoir
^materially affecting the surface level, antit avoided all necessity for diverting th<
waters of these streams from the cana
eastward of the dam.

Some Disadvantages.
The disadvantages of this plan are, first

the ba Flor dam itself. Its crest woulc
have to be at about 120 feet above ses
level, allowing ten feet for freeboard, whip
the solid rock is found at about minus 45The total height of the dam in the deepest part would, therefore, be not less thaii165 feet.
Second.If a high dam be built at La Floito hold the level of the basin at 110 feetabove sea level, all the locks would have tobe placed on the west side of the RioGrande. This is a disadvantage, becausethe area suitable Is limited.
The locks necessarily will be of high liftand located on the slope of t.he hills close

to each other, where there is little room foradditional locks should they become necessaryby future developments in the commercethrough the canal.
Moreover, a part of the canal Itself willnecessarily be built with heavy embankmentsor retaining walls in the slope ofthese hills, and t.he lower Rio Grande willeither have to be crossed, taken Into thecanal, or discharged to the eastward ofthe proposed harbor.
Third.The creation of this basin wouldsubmerge many acres of land not at presentof great value, but which would becomevaluable should a canal be built.

Canal in Excavation.
A canal in excavation, whether it follows

trie right or left bonk of the Rio Gruude,
ivolda the construction of the La Flor jam,
iresents no special engineering difficulties,enables good sites for locks to be selectedind preserves for cultivation the fertileand bordering immediately on its banks.Of the two routes in excavation the one
in the east side allows the river to d:sihargethrough Its natural mouth on the
vest side of the harbor. It is somewhatthorter than the other, but the most '.mlortantadvantage is that it enables theiarbor at Brito to be constructed 011 Hie
ast side of the Bio Grande, which Is consideredadvisable since It is contemplated
o discharge a part of the water of theake on the west side for regulation of lake!evel.

Lock and Dam Proposed.
The Menoc-al project could, however, be
aried by providing a lock and dam at or
tear Bueno Retiro, and dropping down to a
IWPr lovol T\lw» " .

.v.,,... i uomu nt>uiu in mis case
e diminished in size and the dam would
e lowered in height by the number of feetift in the lock.
I,ess land would be submerged, but theasln would not be as deep nor as long,in the other hand, fewer d'iliiculties would
e encountered in constructing the locks
rom the La Flor dam to the Pacific andhe canal could be carried down to the;?a on either side of the river witn lessifflculty.
The Commission is of the opinion, in viewt all the circumstances, that the best loca-1
on Is on the left bank or east side of the,,io Grande.
The lake division will be the same for
ay project.

The Eastern Division.
The projects that have been proposed anil
tnsidered for the eastern division admit
' more variants than those on the western
ivision, but all projects for the easternvision look to canalizing the San Juanivcr by means of locks and dams from
ie lake' to the vicinity of the mouth of thein Curios River.
Three projects with their variants are ailint need be considered on the eastern side.The first is that for canalizing the Sailinn River from its source at the lake to
ie sea. So far as the canalization of thever from the lake to Boca San Carlos isincerred, no doubt exists as to its prac-cnbillty.
But for that portion of the river 'rem j'icnee to its mouth It is not deemed urn.*-1
raDle, because of the difficulties of securggood foundations for dams, the torreutldischarge of the Sn.n Carlos and Saraqulrivers and the great quantities ofnd carried by them and deposited alonge river channel of the loner San Juan.

ROJECT FOR A
HIGH LEVEI CANAL. 11

. i
r. Menocal Suggested an Elevated}^Waterway to Within Twelve Miles

of Greytown.
V second project is that suggested by ^\ Menocal, which had for its object the ttension of the lake level through the t
ividc cut." to within twelve miles of 1
e.vtown. It Is similar to that suggested phim for the west side. I st. looked to the construction of a high, tm at Oehoa, a short distance below the tinth of the Snn Carlo« River, by means ]which the waters of the San Juan were vbe raised to the level of the lake. From 1> south pnrl of thlc 1 1w, uuiu tTuiuiiiiKinenrs nre to be built in the saddles of the Sanrlos ridge to connect with the hills in: i3tn Rica, thus cutting off the escape of nraised waters of the San Juan on that1 se. ! fu this embankment line sluices were to gbuilt to discharge the surplus waters sthe lake which tlnd their way down the oi Juan River, as well as the floods of; aSan Carlos itself. v

From the North End.
'rorn the north end of the Ochoa dam.
illar embankments were to be built t!
oss the saddles in the hills on this side, d
il connection was made with the high o:
re known as the "divide." tlhis was k, own as the Sap Francisco S
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ia, where a pier has been built for the
3 to an altitude of 5,350 feet. It is an
e lake.

na Investigation
m to Change
.anal Way.
e! embankment line, and it crossed the Riversi San Francisco, Danta and Chnncos. Theel number of dams, large and small was 6",el those across the rivers named being the
t largest. This embankment line had a lengthi of about 10% miles from the north end of
; the Ochoa dam to the "divide," of whichsix miles were artificial.

Sluices were to be built at convenientplaces along this embankment to dischargethe surplus waters of the drainage area tothe northward.
By means of the Ochoa dam and the San11 Francisco and San Carlos embankments a11 large pool or basin of Irregular shape was

(
to be created and the surface of the water'maintained at or near the level of that inthe lake Itself. The excavation in the

-! upper river and in the pool was thus rei1duced to a minimum.
|To the "Divide Cut."
From a point near the eastern end of the

|! Ochoa dam the canal was carried in exjcavation to the valley of the Danta. or
Florida lagoon, and from thence in pools
and cuts to the valley of the Limpio, which!| It followed to the "divide cut." This cutis about three miles long and has an
average depth of 134.4 feet, the maximumdepth being about 350 feet.
After crossing the "divide" the canal

[descends, by means of three locks of highlift, into the valley of the Deseado. whichIt follows to the coastal plain, after reach|Ing which it continues in a nearly directline to Greytown.
A third project Is to construct a dam InI the San Juan River, just above the mouth

or tne San Carlos, giving slack water navl-'
gatlon from the lake to the dam, and thence
by a canal In excavation along the left
bank of the San Juan or near It to the
.junction of the San Juan with the San
Juanillo, and from thence across the coastal
plain to Greytown.
Each of the two latter projects admits

of variants. The Menoeal project can be
varied by locating the dam across the San
Juan above the mouth of the San Carlos
River, starting with excavation to the eastwardof that dam ami thence following a
route substantially as projected by Mr.
Menoeal himself.
Or a lock may be used in connection with

this dam and the height of the embankmentsbe correspondingly reduced. This
would increase the depth of the divide cut
by the same amount.
The practicability of a dam only a short

distance above the mouth of the San Car!los River has heretofore been doubted, but
the surveys show that «uch a dam Is not
only practh-able but will be easier of constructionthan one at Ochoa.

Still Another Variant.
Another variant would be to build a dam

near the lower Machuca rapids and lock
down 24 to 30 feet, then follow the rest
of the route practically as laid down by Mr.
Menocal. the object of the latter variant
being to avoid the construction of a highdam at Ochoa and to reduce the height of
the San Francisco and San Carlos embankmentlines. This would Increase the depth
of the divide cut.
Another variant would be to construct a jdam at Tambor Grande and an embankment

on the south side connecting with the hills
In Costa Rica. This would take the place j6of the Ochoa dam and eliminate the San
Francisco and San Carlos embankments, ,This is regarded as impracticable.
Other variants, such as Increasing the \1number of locks or varying their location,

suggest themselves. '(
The third project can be varied by con-'1

strueting one or more dams, with locks.1®
in the upper river, thus reducing the height 1
of the dam at San Carlos. Or. after reach- 1

ing the junction of the San Juan with the 1
San Juanillo, any one of several routes
may be taken to the sea.

i ne i*ienocal rroject.
Mr. Menocnl's project has an advantage £In that It Is two miles shorter than the a

other project following the bank of the a
river.
The disadvantages are:
First.The engineering difficulties encounteredin building the Ochoa dam. This tdam being located but a short distance belowthe mouth of the San Carlos River, Its 8

construction would be attended with no plittle risk. i c
Second.The San Francisco embankment |nline is another troublesome engineering t

construction. This embankment follows
in irregular line from Ochoa to the Divide.! li
Xo less than sixty-seven dams will be re-|bjulred, some of them insignificant In size.: t!

3ut four of them of great length and of'
nore than ordinary difficulty to build and; b
nalntain, because of their great height and tl
he pressure of water to which they would ci
ie subjected, as well as to the fact that a
:he soil on which they would have to be P''ounded is overlain for a great depth withjci;oft ooze. |

A Third Disadvantage.
A third disadvantage is the Divide cut'o

tself. This, as before stated. Is over
hree miles long. In addition, It Is curved, j|jhe curvature being in places the maximum
hat should be allowed In a canal of this' ti
nagnitude. ; c(
This alone would render navigation diffl-! m
ult. Its great depth would also be a con- pitant menace, for while It is believed that II
he rock for the most part would stand S.
here is some likely to cause trouble. A;
urge portion of it.dacite, a rock that
feathers rapidly.is of light specific grav-Jty, and not to be trusted in a deep cutiolike that through the Divide. .

Again, on account ofdts depth and lengtht would necessarily be made of the min,- ft
turn width practicable for navigation; con- tc
equently, if the canal were working to its
ull capacity there would inevitably be
ome delay to vessels passing through it, st

~ « *-
U1V.C ETi 'J inmc niiipri L-UU1U upi puss eacn
ther. Vessels would therefore accumulate s'
t either end, to be passed at stated inter- Bi
als In fleets.

The Lock and Dam Plan. "v
The variant providing for the construe- jwon of a lock and dam at Macliuca, looking
own, say 24 feet, would reduce the height

'

C the San Francisco embankments and es
le Ochoa (lam; but the excavation in thejgian Juan River and eastward to t\ east-jee

O ANY (
|

Rear Admiral
Admiral Walker was the preside

sion that prepared the report, made
ing so strenuously In favor of the fe
ident of the new commission.

ern end of the Divide cut would be increasedby this extra depth.
There would still be the Ochoa dam,

ithoueh of less heie-ht. to be constructed In
U-ontention with the floods of the combined
San Juan and San Carlos Rivers. If the
<lam be built above the mouth of the San
Carlos River, instead of below it at Ochom,
there would yet remain the objectionable
San Francisco embankments and the Divide
cut.
The project which looks to the construe-

tion of a linm above the mouth of the San
Carlos River and follows close to the north
bank of the San Juan River as far as the
junction of the San Juan and San Juanillo,
has the disadvantage of an increase in
length of about two miles, but on the
other hnnd it is believed that difficulties
of construction will be lessoned because of
the reduction in the height of the embankmentsand by avoiding the divide cut.

Several Hills to Be Cut,
There are, nevertheless, several hills of

considerable height to be cut through on'
this route. The Tamborcito hill will re-

ouire a maximum depth of 230 feet of cut-
ting In rock, but it is less than a half mile
in length and the material will be required
on the work, while an attempt to circumventthe hills may involve an embankment
founded upon a depth of 80 feet or more of
black sand hi the bed of the river.
From this point to lock No. 1 most of the

canal trunk will be enclosed between embankmentsbuilt of the silt from excava-1
tlons. In short distances they may exceed
30 feet in height, with a pressure of twenty
feet of water.
A variant on this project would be in the

construction of two dams in the river above
the one near the month of the San Carlofe.
But it has no advantage over the other
except that it enables the lower dam to be
reduced in height.
This is not considered of great importance,for while the construction would be

easier the main difficulty would be in the
foundations, and they would not be materiallydifferent.
It has several serious disadvantages, however,in obstructing the passage of large

volumes of water at narrow sections o-f
the river and in confining the navigation
below the upper dam to a narrow channel
excavated in large part through rock.
Numerous other adjustments in detail

may be made, both In the alkrmnenr and
grade, bat tliey are not of sufficient importanceto warrant consideration prior to
final location. ^

GREYTOWN GIVES
THE NEEDED HARBOR.

f
Two Jetties Will Be Necessary to Keep <

Open a Channel, and Dredging
Must Be Done.

1
A suitable harbor with a 6afe entrance ^

ft the eastern end of the canal is an essen- t
ial requisite to its proper operation. No
mch harbor exists now. About fifty years ,

ten there was a srood harbor af- Orevtown. j

vlth thirty feet of water In the anchorage
ind at the entrance.
The sand, however, that has been brought i

iown by the San Juan River and deposited
n the sea has closed the entrance and In
large measure filled up the harbor Itself.

Phis sand movement has been going on for
iges, as the numerous lagoons thnt have
ormed parallel to the coast line testjfy.
The sand has been ejected from volcanoes
n the region of the headwaters of the t
}osta Rican tributaries of the San Juan ^arried down to the sea by the river ana
leposited on the ocean bed and then tfans- c
orted by wave action in one direction or p
nother according to the prevailing winds <nd the resulting direction of the waves.

u

Not a Large Harbor. 8

By the term "harbor" it is not Intended j
o convey the Idea that a large harbor c
hould be constructed for commercial pur- R

oses. A harbor of sufficient area to ac- '
ommodate the vessels that arrive for the .

urpose of passing through the canal is all ®
hnf la prmeMprPil nopoBooro ' t<
It Is not expected that vessels will lie

i such a harbor for any length of time, c
ut will move through, either in one direclonor the otljer.
For canal construction purposes a haroris necessary. One of the first things, f<berefore, to be done In undertaking the
onstructlon of the canal will be to form
harbor of reasonable depth. This has im- ir

ortant bearing In estimating the cost of tl
onstruction. I o
The San .Tuan River drains a basin of ti
bout 17,000 square miles. The silt deposedin its delta during past ages has built y<ut the coast, with characteristic lagoons g]ud extensive marshes, covering the broad n<lain between the present shore line and g<
i.e original foothills of the Cordilleras. r<The delta may be said to begin at a pointvelve miles In an air line from the outer f<last, where the San Juanillo leaves the giiain trunk. This stream has been turned 01irallel to the coast and flnallv reunites, n,iroogh a series of lagoons, with the lower tlan Juan.

Flanked by Lagoons.
The latter is flanked by lagoons indicative ^original beaches, the three to the north rt
iinc tvnipnl nf npovnlHnw A ? * ->
.r- .. uucLuuu U1 «-*

ie drift on this portion of the coast, duethe angle of wave incidence.
These lagoons are nearly parallel to thefisting const line and are separated byrips of land enclosing long, narrow lakes. 0tIt would seem that what Is now the lower
in Juan River was at one time the main 18
ream and discharged most of the sedi-'th
ent, the waves produced by the trade Ck
inds currying a part of the material to the hi
estward ana a part of it to the south- n<
ard. the westerly movement of this sand th
iving formed lagoons whose longer axes w<
e nearly parallel to the coast.
The prevailing winds are from the north- opistward. and while they rarelv blow with te
eat violence, they blow steadily and with tb
msiderable force, creating a sea whlchj tk
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nt of the Nicaragua Canal Commispublicby the Journal to-day, declaraslbllltyof the canal. He Is also pres-

stirs up the light sand, of which the beach
Is composed, and carries It along in great
volume.
One has only to observe the waves

charged with black sand running diagonallyalong the beach to realize their potent
agency in transporting this material.

Sand Movement Described.
The Board of 1805 gives a very complete

description of the sand movement on this
coast, a full discussion showing how the
destruction of Greytown harbor as It formerlyexisted was brought about and tha
steps necessary to be taken in the constructionof a new harbor.
The conclusions arrived at by that Board

were that the Maritime Canal Company's
proposed entrance Is inadmissible and the
Harbor Head entrance inexpedient, and
that the best results will be obtained bylocating the entrance approximately half
way between the two.
This Commission is of opinion that

equally good results at less cost can be
obtained by a change In the entrance and
form of the haxbor itself.
The Commission has therefore located the

east jetty about 2,000 feet westward of thc^rposition suggested by the Board of 5895,the harbor itself to be about 5.000 feet
long by 1,000 feet w'le, and tbe entrance
between tbe jetties to be 600 feet.
Tbe construction of a jetty across tbe

path of moving sand must of necessity
cause accumulations of drift to windward,
hence the angle formed between any such
projecting structure and the shore must
gradually fill up and the shore line advance
seaward until the capacity of this receptacleis exhausted. ,

Advance Diminishes.
This advance diminishes as the depth and

consequent capacity of the pocket increases,
but it shows that some expense must be
incurred for the maintenance of the harbor
either by Jetty extension or by the removalof the material from time to time,which would otherwise find its way around
the end of the jetty and into the channel.
A studv has therefore been made of the

various surveys the harbor with a view
to determining the probable amount of materialto be controlled in the maintenance
of the entrance. This amount Is estimated
to vary from 600,000 to 730,000 cubic yardsannuaily. ''
The entrance to the harbor will be formed

by two parallel jettlesf about 600 feet apart,
tbe easterly one about 2,670 feet in leugth,tbe westerly one 2,500 feet. They will extendseaward in a northerly direction, thus
giving shelter from the sea, which comes
rpnorfl 11 tr frrwm tho nnr»thctrvl
As the sea strikes the shore line with

considerable violence at times, these Jetties
will be constructed chiefly of heavy stones
aot easily moved by the force of the waves.
To obtain suitable stone for this purpose
n large quantities and with the utmost dispatch.so that a part at least of the Jetty
*n be quickly constructed, quarries will S
lave to t>e opened at the most favorably
locations.

BRITO TO BE THE
WESTERN HARBOR. V

t Must Be Constructed, and the EngineeringTask Is an Easy
One.

At the westerly terminus of the canal
herr is no harbor. The nearest harbor Is
hat at San Juan del Sur, about eight miles
o the southeastward, but this cannot be
mt to any useful purpose so far as the
anal Itself Is concerned, thouarh It mnv be
tiliised In a measure during the early
tages of canal construction.
A harbor tv 111 have to be constructed at

irlto as al Greytown. San Juan del Sur
ould only be used to advantage during contructionby the building of a railroad from
here to the canal.
The remarks as to the capacity of a hurorat Greytown will apply with equal force

p Brito. A harbor of refuge is not needed,
ut only such a harbor as will make the
anal available for commerce.

Conditions Not Forbidding.
The conditions on this coast are not as
>rbldding as they are on the eastern. The 4
ind movement is slight and the winds are
los'ly off shore, consequently the difficultyto be encountered will be mere eas ly
eercome. The mean rise and fab 0f fadeis about aeveu feet.
The sea during the greater part ot -l

ear breaks normal to the d'rectlon of ,
lore. The prevailing wind Is from t.h
ortheast. and while west and south winds
jinetimes blow, they are of. rare occur-k
nee. -jiThe shore is bold, and deep soundings nrs
>und ut no great distance from ir. The 1
lore line trends from northwest to south-_
ist. but the rocky promontory on the
nrth aide of the Ilio Grande projects Into
te sea and gives a certain amount of proction.
On account of the rapid Increase In depth
om the shore seaward, an outer harbor Is
most impracticable within the limits of
asonable cost, so that one Is restricted to
te formation of an inlntid harbor within
ie area that Is now occupied by a swamp.

Material Available.
From borings made and all information
italnable. it is bettered that this material
easy to excavate. In fact, it is known
at some of the borings taken by the Oanal
tmpany in close proximity to the propos d
trbor, which seemed to indicate rock at
> great depth, were deceptive, and that
te boring apparatus struek bowlders which
ere supposed to be solid rock.
The harbor proposed by Colonel Cbilds
tened directly to the south, and was profitedby two jetties, one springing from
e sandy beach and running southwar^
e other, but smaller jetty, springing f'/oni


